NASA Ames Research Center History Office
Elliott C. Levinthal Viking Lander Imaging Science Team Papers, 1970-1980
Collection Number PP04.02

L7

J MOSATICKING DESCEIPTION

1. General Discussion

During the Viking lission, the lLander Czmera System acquired many high-
resolution 'images of the scenes at Chryse Plznitiz and Utopia Planitia landing
sites. Usirg individual camera events, which occurred on many days throughout the
mission,computer mosaics have been created for both sites as viewed by each of
the two cameras on the spacecraft.

For Lander 1, two sets of mosaiecs have bzen prcoduced; one pair for czmera 1
and 2 images acquired early in the morning (7:00-8:00), and one pair for imaszes
acquired in the mid-afternoon (14:00-15:30). For Lander 2, three sets of Tosaics
were compiled: in the morning (7:00-8:0C), around noon, and in the early evening
(17:00-18:00). Thus a total of ten mosaics have been generated. The zeneral
procedures f;r processing the Viking Lander C;mera datz are described elsewhere
(1). This purpose of this description of the mosaicking process is to provide,
to the users of the mosaics, sufficient understanding of the processing so that
they will be able to correctly interpret the scenes. The individual camera
events that were incorporated into each mosaic are identified in the tables
below. The detailed description of each such event,including a reproduction of
its image, is given in the Picture Catalog Data Reccrd (2) (EDR). (This
publication covers Camera Events 124301 thrcuzh 12B1¢8 for VL-1, and 22A0Q1
through 21C070 for VL-2.)

The Lander Camera system (3) incorporatss twelve commzand selectable photo-

sensors in each camera (see p. 5-8 ref. (2) for a brief description). Four diodes
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(Bb1, BE2, BE3, ERU4), with an instantaneous field of view of 0.04 degrees, are at

dif ferenty distances frca the lens, allowing optimization of focus selection (1.9,
2.7, 4.5 and 13.3 m respectively). This resglts in.an overall depth of field
from 1.2 n to infinity..Almost all the events used for moszicking were acguired
by thcse diodes. One diode (survey) with a 0.12 aperture was used for black-and-
wnite panoranas. In a few cases data from tﬁis diode waé used where no high
resolution data was acquired. Otherwise all the mosaic izage data was acouired
using the 0.0l degree aperture diode. |

Each complete riosaicked scene extends 342.5 degrees in azimuth, and froo
approximately 5 degrees above the horizon to §0 degrees below. A complete mosaic

incorporates approximately 15 million picture elements {(pixels). 1In order to

‘manage the processing of sucn large data bases, each mosaic was compiled fron

four individual aziauthal quadrants.

The mosaic negatives have been®made on an Optronics Photowriter (Model P -
1500 ) in two forms. In one case, using a 254micron scot size, the complete four
quadrants of a sinzle mosaic is contained on a single 8 X 10 negative. In the
second case, three products are made using a 50 micron spot size. They ccver
quads 1 and 2, 2 and 3, and 3 and 4 respectively on each of three 8 X 10

negatives. The azinmuthal coverage for each quadrant is as follows:

Quad CACCS” Laces™* Laccs®*
Azimuth Start Azimuth Start fzinmuth
limits (Carera 1) (Czmera 2)
1 0°-90° 279.5° 95.5°
2 gul.174° 3.5° 179.5°
3 168°-258° 87.5° 263.5°
4 252°-342° 171.5° 3u7.5°



*ciCCS - -Camera aligned camera coordinate system
**LACCS - Lander aligned camera coordinate systen

See ref. (2) page 11 and 12 for description of coordinate systenms.

Because of the tilt there is no simple correspondasnce
between the azimuth angles for individual camesra events, as shown in
the EDR, and the azimuth angles provided on trhe border of.the
complete mosaics. The azimuth angles shown on the top horder of the
mosaic products are neasured approximately frca Ndrth.
2. Methodologv
a) General Mosaicking Technique
The creation of the Viking Lander high resolution mosaics can be separated

‘into the stegs of selection, preparation, mosaicking, and nhotometric correction.
The selection process focuses on the Primary Mission Viking Lander EDR images.
In sone casegz Extended Mission images are inciuded where primary mission
coveragze is absent or inadegquate. This was ofﬁen the result of obscurations
caused by sample arm activities. From these irmages, sets of early morning,
afternoon, and, for Viking Lander 2, noon frames are selected. A further
selection criterion is that the range to the nominal surface plane at each
elevation should be matched (as best as possible) with the diode which focusas
closest to that range. (For example, the diode designated BBY has its focus at
13.3 m and a depth of field permitting imaging at infinity. Thus an elevation
comzmand of zero degrees in the mcsaic should te filled in with an image taken

using the BEY diocde.)

After a set cof images for each camera and a time of day is selected, the
/



preparation step is begun. Each image is radiometrically corrected (4,5,6) and
dif ferences caused by variations in gain and.off~set séttings are reaoved from
each image in the set. 1In addition, a solar lighting correction (based on a
model of a Lambertian surface; sine of incidences angle) is perforaed to rexzove
minor time of day variations in the various inzges of the set. HNext a geocxetric
transformation (5,7) is pefforaed on each imaze. This transformation is the
combination of a camera geometry correction and a de-tilting of the image into a
local Mars zenith system. (Both landers are tilted relative to a flat landing
plane. Figure 5, paze 12, in ref.(é), descrines the orientation of both
Landers.) The transformed images are now 2ligned so that the horizon of the
nozinal surface plane will project into the inaée as a horizontal straight line.
In the mosaicking step, all imageées comprising a quadrant are combined into a
single imaze. This process sonmetimes is preceded by an ad noc contrast
correction of some images (all of them'béingrfrom the extended'mission) fpr which
the previously applied photometric correction alone was inadequate. The
mosaicking process proceeds as follows. First, each image is assigned a
priority. Then, for each picture element (pixel) the pixel DN value of the
highest priority image is examined. If it is non-zero, then that value becomés
the DN value of the pixel in the resultant imagze. Otherwise, the search
continues through all pixels in the exact same position{in order of decrsasing
priority until a non~zero DN value is found or until the picture list is
exhausted (in which case the resultant DN value for that pixel becomes zero).
After the mosaics hzve been generated, a general cleanup is performed.

Processing artifacts (at image boundaries) and narrow gores (1~5 pixels wide) are




reaoved from the mosaics by a process of averaging. Pixels bounding the artifact
on a particular line are identified. Tne DN values of artifact pixels are
replaced by the weighted averagze of the.DH values of the two boundary'pixels.

The weight is the ratio of distance of the artifact pixel from a boundary pixel
to the distance between boundény pixels. (This procedure is often referred to as
linear interpolation.) Also, the surfaée saﬁpier arm and housing are removed fron
the mosaics when they can be rgplaced by unobscured portions of low resolution
images. This procedure is performed by setting a polycgonal area of the rosaic to
zero DN value. The cofresponding low resolution image is geometrically
transfqrmed to a 5igh resolution.format (and is detilted as well) and the high
resolution mosaic and low resolution image are then mqsaicked together with the
low resolution image given lower pribrity.

b) Photometric Corrections.

Followi;; the above general“procedures the solar lighting variations are
removed frcm the scene. These variations are the result of the large chanées in
phase angle between the sun and camera over the azizuth range. The objective is
to obtain an image for which ground material of similar albedb (i.e.,
reflectivity) and surface normal presents the same DN value regardless of its
position in the scene. The solar lighting function is assumed to be a
multiplicative function of detilted camera azimuth only. Although not a "true"
photometric correction, this approximation is found to perforam the desired
correction within adequate ranges. An empirical approach to the deteraination of
the function is taken. Test patches on the surface, which are flat and without

large rocks or noticable surface texture, are chosen in the mosaic quadrants at



intervals'of approximately every twenty degress azinuth. The average DN value
of eacn test patch is determined. For test patch i, let the average DN value be
D;. Then each sample at the (detilted) azimuth of test patch i is multiplied b§
128/Di to give the corrected DN value. The correction for plxels at azimuth
value intermediate between test patch azimuths is calculated by linear
interpolation (or extrapolation), using the nearest test patch correction values.
After the four quadrants have besen corrected for sclar lighting effects, theyv are
mosaicked together in a manner analogous to that described above.

c) Geometric Corrections

The geometric transformation is carried out as part of the preparation ste
.on each individual image. The cazera geometric distortions may be separated into
two types - optic path distortions and camera system distortions. The optic path
distortions are those which affect a light ray afteg it passes the camera window,
such as PSA rotation, PSA off-axis effect (coning distortion) etc. Camera systen
distortion$ (i.e., rotation and offset) relate to the way in which the cameras
are mounted on the Lander. The geometric transformation that is performed in

generating the mosaies includes a correction for the optic path distortions, but

o

does not correct for the rotational distortions of the camera system. Instead
the rotational distertion correction is feplaced by a rotation which removes
Lander tilt from the images. As a result, thes mosaics retain a small absolute
error in azimuth and elevation values, relative to the values which appear in the
fiducial annotations on the images. The error may be characterized as a shift of
the picture in one dirgction. The magnitude of the shift is between 12 and 25

pixels depending on the camera. The direction of the shift is a slowly varying

function of camera azimuth.



The absolute geometry error,-to the nearest pixel, for each mosaic is as

follows:
L1Cl = 22 pixels
L1c2 = 5 pixels
L2C1 = 23 pixels
1.2C2 = 7 pixels

These errors are primarily due to the camera bolt-dcun errors which are

relzted to the manner in which tne camneras are zounted on the Lander.

The following procedure could be used to're:ove the residual geonetry errcor
-and to transform to undetilted, LACCS, coordinates. This is the same method that
is used by the computer program RANGER (8) to obtain photogramaetric infermation
from the mosaics.

A pointing direction is calculated for an imaze point. The detilt rotation
is removed and then the casera systea ropatibnal distortion is-reanoved, by use of
a camera specific rotation matrix. The resultant vector is then used to °

calculate the corrected azimuth and elevaticn.



( IPL line,IPL sample ) = ( az,el ) = ( a,e )

start az + 0.04 * ( IPL sample - 1)

a =
e = high el - 0.04 # ( IPL line - 1)
- cO0sS a cos e
V = sin a ¢cos €

sin e
> -> /51
S:(T)V: 52

54 = cos a'cos e

s 2 ="sin a'cos e'
s g=sine

e' = sin™} ( s 3 )

a' = cos”! (s 1 / ( 521 + 522 )1/2 ) + a,

where a o = 170.50 for camera 1

5.5° for camera 2

-> ->
V and S are unit vectors,

and ( T ) is a 3 x 3 orthonormal rotation matrix which
transforms from the detilted image system into the CACCS

geometrically correct camera comzand systen.
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The following rotation matrices are tc be used for the

four cameras:

3\

+0.0314098  -0.0420461  -0.9985836
L1C1; T = | -0.9993851 +0.0142150  -0.0320465
+0.0155712  +0.9989761  -0.0424732
+0.0307278  -0.0413363  -0.9586728
L1C2; T = | -0.9995210 +0.002313%  -0.03CB497
+0.0035855 +0.699142% ~0.0412454

+0.1329880  +0.0517036  -0.9837681 '
L2C1; T = | -0.9910388 +0.0195218 -0.1321389
+0.0124900  +0.9934715  +0.0538364
= +0.1322667  +0.0518658  -0.9598563
L2C2; T = -0.9912130  +0.0082630 -0.1320151
+0.0013321  +0.9986195  +0.0525030
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3. Table of Cemera

Fvents Used

in Mosaizs

The followinrg

each mosaic in the

Li.Cl.&m (L19382)

QI
114154
112051
11A1 N
114025

L1.C2.8m (L1967)

Q1
128112
12E054
12£010
12B123
124059
128124
124003
12F060
12A116
12C042
12C043
12Co44
125203

tables list the camera events used to create each quadrant of

order of decreasing priority.

02
114154
118129
114067
11A078

02
124116
122112
124107
12A010
124108
124003
¥YE056
128055
12B207
234103
124124

Q3
114156
114129
118022
114097
114022
114079
112078
114048
11B225

Q3
124125
124155
124116

128107

12E056

10

oY

1141508
114157
114158
116054
114023
11E129

18052
114022
11E053
11B226
112093
11R225
112219
118224
118097
11C039
11B225

Q4
128063
124125
124110
124068



L1.Cl.PM (L1957)

Q1
114174
T1A173
11B0OT3
118229

Q2
11A143
114251

112250

118174
11A144
11B050

11B098 -

Q3
114132
114133
118137
118359
11E050
112051
T1A114
118937
114127
11A143
11A144
114251
11B220
118223

11

Qu
11E036
112037
118017
112114
118141
114030
118127
112059
113132
114051
114137
118067
112132
1181290
118165
11C033
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L1.C2.Pm (L1958)

Q1 Q2 Q3 QU
12A119% 124238 124165 124255
12A140 128211 12A164 12B016
12A119% 124212 12A153 128000
124135 12A153 124238 124235
124212 12A119 12R000 124165
128227 128152 128211 128208
124119* 12A140 - 128152 . 122103
124002 124135 12B017 124014

12E017 124235 122043

12A235 124237 12€015
¥ Camera Event 128119 was used iﬁ various forss with and without the
sampler arm ( by remoiing the arm and setting DN values to zero ).
This was done to get the best coVerage'of the scene in combination the
othervéamera events used. The highest priority use was with the
whole event without the sampler arm. The next pricrity use was the left-
hand part of the event. The third priority use was the whole

event, including the sampler arm. Similar techniques were used in

other quadrants.
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L2.C2.Yoon (L1986)

Q1
22BO0OY
228013
22B046
22B045
22R058
22B120
22C202
22C133
22C150
22C162
22A002

[2.C1.Pm (L1959)

1
21B213
2127
218134
2181739
214023

Q2
224252
228013
22B0ST
22ED38
22F012
228251
22B0L5
22A002

Q2
21A133
21A142
212150
218147
21A128
218059

03
22E003
22A253
224252
22B012

Q3
212147
214149
214075
212065
21E057
218044
217128
214052
218110
212031
214132

13

ol
22E203
22B056
224124
22E020
222002

Q4
214168
212161
218151
214075
214111
218149
21E214
218032
21A044
214216
21B060



L2.C2.PM (L1960)

1
224118
224255
22A143
228011
22A046
228121
22E091
224/005
228212
22B014
22B215
224002

L2.C1.Am (L1983)

Q1
21B010
21BE008
21A204
21C098

Q2
22A148
224143

22A011 .

22A163
224005
227133
224119

22B215

22B091
22C178

Q2
21A164
218310
218054
21E040
21A076
217077

Q3
22A140
22A141
224104
22A148
22A119
22E090

Q3

2142271

21E034
21E021
214225
21A222

21B033 .

21B022

14

CH
224140
227135
224133
22B211

o4
218009
212001
21B039
21C036

212174

21E0LO
21E094
21E015
21B093
21C069
212079
214059
218077



L2.C2.Am (L1984)

Q1
224205
22B000
224236
22B002
22B199
224178
22B061
22B025

228097
224002

L2.C1.Noon (L1935)

Q1
214237
S 214233
Tt 218125
212040

Q2
22A176
224095
2248205
224206
224178
228061
2248220
224236
22E000
22B231

Q2
21A237
21A225
21B034
218221
21B021
21C204

Q3
224206
2240338
2248223
228220
22B231

- 228106

- €3

228221
212034
218021
214225
21h222
21B033
21B022
21C152

15
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224027
224207
224223
224105

Ql
214226
214222
218022
218225
21E035
21B333
218021
21C153
21C208
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}y, Terminolozy, Labelling z2nd Fiducizl Annotaticn

Thne mosaic negatives have‘the following general form. At the top and bottom
of the image is a 16 step gray scale. Beneath the gray scale at the top of the -
image are two sets of rulings. The upper one is labeled 'az' and specifies the
local Mars azimuth of the scene clockwise froa north. Beneath this scale is a
scale labeled IPL sample no. An identical scale is beneath the image. This
refers to the sazmple number in the dizital image data set. The IPL sample no.
increases from left to right. To the left of the image are two sets of scales.
The leftmost of these is labeled 'EL! aﬁd specifies the elevation of the detilted
image. To the right of this scale is a scale labeled IPL line no. An identical
;cale zppears to the right of the image. This refers to lines of data or data
records in the data set. The IPL line no. increases in the downward direction.
The pixel in the upper left corner has the IPL coorindate ( 1,1 ).

EeneathVZhe imzge, two sets of annotatioq.appear. The smaller annotation
refers to a specific image in the collection which was used to generate the
mosalc. This annotation is of no interest to the general dser. The larger
annotation identifies the mosaic, specifying, in order, the lander (L1 or L2),
the camera (C1 or C2), the time of day (AM, Noon, PM),.and which quadrants (e.g.
Q1+Q2, Q2+03, etec.) comprise the mosaic; " The IPL PIC ID is a designater used to
uniquely identify a photoproduct generated in IPL. All inquiries concerning a

print should include the IPL PIC ID designator.

5. Macgnetic Tape Storage

In addition to being available throuzh the NSSDC as photoproducts, the

/
/
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s of 2

mosaic data seté are stored in digital form on a series of magnetic tapes. The
tapes are recorded on 9 track tape drives. Each image is stored as a separate
file. Every file begins with a variable number of label records foliowed by the
actual image. Each label record is 360 bytes in length, and is comprised of 5
logical labels of 72 bytes each. The last_byte (byte 72) of eacn logical label
consists of an EECDIC character, either 'C' or 'L'. A 'C' indicates that another
logicai label follows, wnile an 'L' indicates that this is the last logical
label. If the last lgbel record contains fewer than 360 bvtes, it is padded on
the right. The label records co;tain EECDIC infofmation which is formatted anq
displayed at the bottom of a masked print of the image. & more detziled
explénétion of the label format is contained in ref. (2). The first logical
label of the first label record contains information relating to the size of the
image. Eytgg 33-36 contain a four character right adjusted EBCDIC format integer
which specifies the nuamber of lines in the image. Bytes 37-40 sinmilarly contains
a number which specifies the number of picture elements per image line.

The image is stored following the label records. Each image line is stored
as one record. The data is available either recorded at 800 BPI or 1600 EPI. The
800 BPI tapes each contain one two-qbadrant mosaic ( either quadrants 1 and 2, 2
and 3, or 3 and 4§ ) with record lengths equal to 4350 bytes and 1852 reccrds (not
including the lasel records). The 1600 BPI tapes each contain a complete mosaic
of four quadrants with record lengths equal to 8650 bytes and 1852 records for

the imagery data. The following is a list of available tapes.

17



"Tape HNumber

~DNS
DXS

001
002
003
00k
005
0056
007
003
009
010
on
012
001
002
003
004
005
006
007
008
009
010
oM
012
013
014
015
016
017
018

L1

L1.

L1
L1
L1
L1
L1
L1
Li
L1
L1
L1

L2.
L2.
L2.
L2.

L2
L2
L2

L2.

L2
L2

L2.
L2.
L2.
L2.

L2
L2
L2
L2

TAPE LIST

Contents

.C1.
C1
.C1
.C2
.C2.
.C2.
.C1
.C1.
.C1
.C2
.C2
.C2
C1
C1
C1
C2
.C2
.C2
.C1
C1
.Ci
.C2
c2
Ce
1
C1.
.C1
.C2.
.C2.
.C2

P

P
P
.PH
.PM
-AM.
AN
AN
.AM.
AM
CAE
.Noov.
LNOQU.
.NOQu.
.NocH.
.NOON .
.NOON
. P,

A,

5M
A

1Y)
88

.
bh,

.PH.

PH.
PM.

. Pid.

¢
02

CAMLC2
CAM
&M

Q3
Q1
.02
Q3
Q1
Q2
.Q3
Q1
Q2
.Q3

M
Q2
03
Q1

.Q2
.03

01
Q2
Q3
01
02
Q3

T R T T T T T

D 0
N -

o0 o0
N =W

.03

Q2
03
of
Q2
03
Ql
ce
Q3
o
Q2
Q3
QU
Q2
a3
ol
Q2
03

+ Q2
03
cl

+
+
+ Q2
+

Q3
+ b

18

ﬁensity

800
800
800
800
800
800
800
800
800
800
800
8C0
800
800
800
800
800
800
800
800
8oo
800
800
800
800
800
800
800
809
800

(EPI)
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ch 1600

DNS 013 L1.C1.AM.01 + Q2 + 03 +

DNS 014 L1.C2.A0.Q1 + Q2 + Q3 + Qb 1600
pNS 015 L1.C1.PH.Q1 + C2 + Q3 + 04 1600
DNS 016 L1.C2.PM.Q1 + Q2 + Q3 + C4 1600
FNS 019 L2.C1.AM.C1 + Q2 + Q3 + ¢4 1609
Fi3s 020 L2.C2.4:.Q1 + Q2 + Q3 + Q4 1600
FNS 021 L2.C1.HOCN.Q1 + 02 + O3 + C4 1600
FNS 022 L2.C2.NOOH.C1 + Q2 + C3 + Q4 1600
Fis 023 L2.C1.PM.C1 + Q2 + O3 + U 1600
FNS 024 L2.C2.PM.QT + Q2 + 33 + O 1620

The first 0 ( zero ) in the nuzber following either DNS or FNS is replaced
by a number 0 to 9, indicating the copy'number. D indicates that ﬁhe contents
refer to Lander 1 and F to Lander 2. N ceans that the data source frém which the
image is derived is the EDR ( Engineering Data Record ).

Inquiry about the digital data can be xpade to the Data Library at the Jet

Propulsicn Laboratory (JPL), Pasadena, California ( 213-354-7916 ).
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